Combustion visualization and measurement in a closed vessel by Aznam, Siti Nur Amalina
  
 
 
 
 
COMBUSTION VISUALIZATION AND MEASUREMENT IN A CLOSED 
VESSEL 
 
 
 
 
 
SITI NUR AMALINA AZNAM 
 
 
 
 
 
A thesis submitted in fulfilment of the 
requirements for the award of the degree of 
Master of Engineering (Mechanical) 
 
 
 
 
 
 
Faculty of Mechanical Engineering 
Universiti Teknologi Malaysia 
 
 
 
 
 
 
JUNE 2015 
 
 
 
 
 
iii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To my beloved husband Mohd Ismail Shazli, 
son Muhammad Harraz Ismail, 
 mother Rosnani Zainal and 
 father Aznam Yahya. 
iv 
 
 
 
 
 
ACKNOWLEDGEMENT 
 
 
 
 
 Upon completing this master project, I was in contact with various 
academicians and colleges. They have contributed towards my understanding and 
thoughts. Therefore I would like to express my sincere appreciation to my main 
thesis supervisor, Dr. Aminuddin Saat, for his guidance, encouragement, and 
discussion. Without his continued support and interest, this thesis would not have 
been the same as presented here. I am also very thankful to my other lecturers Mr. 
Mohsin, Dr. Foad and Dr. Kahar for their critics and guidance. I am also indebted to 
Universiti Teknologi Mara (UITM) for funding my Master’s Degree study. 
Librarians at UTM, also deserve special thanks for their assistance in supplying the 
relevant literatures. My fellow postgraduate student Mr. Suardi should also be 
recognised for his support. My sincere appreciation also extends to all my colleagues 
and others who have provided assistance at various occasions. Their views and tips 
are useful indeed. Unfortunately, it is not possible to list all of them in this limited 
space. I am grateful to all my family members. 
 
 
 
 
 
 
 
 
 
 
 
 
 
v 
 
 
 
 
 
ABSTRAK 
 
 
 
 
Dalam mendalami kajian kadar pembakaran, terdapat banyak kajian telad dibuat 
menggunakan kaedah merekod tekanan dan teknik fotografi sclieren. Kedua-dua kaedah 
tersebut telah diamati secara meluas pada keadaan api berbentuk sfera. Hal ini telah 
membuatkan pelbagai perbandingan diantara pengoksida dan minyak bersandarkan 
kajian-kajian sebelum ini. Walaubagaimanapun pada pengetahuan penulis, belum ada 
data eksperimen yang dijalankan di Malaysia. Lantas mewujudkan peluang untuk kajian 
yang lebih mendalam. Sebuah pendandang berbentuk siliner yang menghasilkan api 
berbentuk sfera digunakan dalam eksperimen ini. Eksperimen dijalankan hanya untuk 
metana-udara pada lima kedaan keserataan kadar (ɸ) iaitu pada keadaan lebihan 
udara  (0.7, 0.8), stoichiometri (1.0) dan keadaan lebih metana (1.2, 1.4). bacaan 
maksima yang direkod di nilai. Pada masa yang sama teknik fotografi ‘schlieren’ 
juga digunakan pada keadaan stoichiometri. Gambar ‘schlieren tersebut memberi 
maklumat pandangan kasar pada jelaga yang terbentuk.Keputusan profile tekanan 
pada stoichiometry di bandingkan degan kajian penyelidik terdahulu. Berdasarkan 
eksperimen yang dijalankan, bentuk profil data yang direkod dan juga kadar 
pembakaran adalah mirip kajian yag sebelumnya. Kadar pembakaran yang diperoleh 
bagi campuran awal metana-udara adalah 6.328 cm/sec bagi ɸ=0.7, 9.718 cm/sec 
bagi ɸ=0.8, 26.415cm/sec bagi ɸ=1.0, 18.081 cm/sec untuk ɸ=1.2 dan 5.026 cm/sec 
untuk ɸ=1.4. 
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ABSTRACT 
 
 
 
 
 In accessing the research of burning velocity, it was found that a wide range of 
determination on burning velocity by pressure record method and schlieren photography 
technique research exists. Both method has been observed broadly in expanding 
spherical flame in gaseous phase. Therefore various oxidizer-fuel mixture comparison 
were made based on their accuracy. However, in the author’s knowledge there has not 
been an extensive experimental data develop locally. Thus a gap exists for further 
research in this area. A cylindrical vessel combustor that correspond to spherically 
expanding flame is used in this experiment. The experiment is subjected for only 
premixed methane-air of five equivalence ratio (ɸ) which are lean (0.7, 0.8), 
stoichiometric (1.0) and rich (1.2, 1.4). The maximum pressure recorded was 
examined. Simultaneously a schlieren photography technique was employed during 
the combustion at stoichiometric condition. The schlieren image provide the 
visualization of the propagating flames. The result of pressure profile at 
stoichiometry condition was compared with the previous work by other researcher. 
Based on the experimental investigation, the trend line of the recorded pressure 
profile and the burning velocity at various equivalence ratio in this experiment is 
similar as obtain in previous work done. The burning velocity of premixed methane-
air were 6.328 cm/sec for ɸ =0.7, 9.718 cm/sec for ɸ =0.8, 26.415 cm/sec for ɸ =1.0, 
18.081 cm/sec for ɸ =1.2 and 5.026 cm/sec for ɸ =1.4 respectively. 
 
 
 
 
 
 
 
 
 
